Nowadays, it is well appreciated that the seismic inversion problem is seriously ill-posed. This means a.o. that parametric estimation by matching model responses with field data (' model fitting' ) has many pitfalls. To make seismic inversion feasible in practice, a hierarchical subdivision of the subsurface parameters is required; it leads to a stepwise approach to seismic inversion. We have proposed to the industry a stepwise inversion scheme with three hierarchical steps, i.e.
Introduction
A simple and familiar way of representing the discretized output of a physical system is given by the matrix equation
where St represents the input matrix, P-represents the output matrix, X defines the system transfer function and N refers to everything in the output that is not explained by XS+. If the system is considered to be time invariant and linear, then (1) may be represented per frequency component. For statistical filtering of seismic traces, the scalar version of (1) is a very familiar presentation, but in wave theory based processing a systems formulation in terms of matrices is not yet widely accepted. In the following, systems formulation (1) is extended to a wave theory based model for multi-dimensional seismic data. The model is extremely well suited to design an inversion scheme in terms of pre-processing, imaging and post-imaging inversion.
Systems formulation of the forward made1
In Berkhout ( with Azm=(zm-zo), c=(k ,k ), subscript s referring to the source coordinate aid Subscript r referring to the receiver coordinate. Note that in one dimensional media (macro and detail), expression (3) can be further simplified by writing cs=' ;l.
Multiple scattering caused by the surface can be simply introduced by using in (2a):
instead of St(zo), where R-(zo) defines the surface reflectivity for upward travelling waves. Expression (4) can also be generalized for infernal multiple scattering.
The systems formulation of the forward model is not for simulation purposes (there exist excellent finite difference and finite element algorithms of seismic data). The primary objective of our version of the forward model is the design of an applied seismic imaging and inversion philosophy.
Systems Jomndation of the inverse prtilem
In the forward problem all details about the data acquisition procedure are known, the elastic properties of the surface and medium (trend and detail) are available and the measurements need be computed (' numerical simulation' ). In case we start with reflectivity, simulation means
R+(z) ---) P(z,).
(Sa)
In the inverse problem, all details about the data acquisition procedure should be known, the measurements are available and the medium parameters need be computed. If the spatial reflectivity distribution is aimed for (reflectivity imaging), inversion means
Generally, in reflectivity imaging the diagonal elements of R+(z) are computed only, meaning that the angle dependence information of reflection is not aimed for (one reflection coefficient per medium grid point). If all elements of the reflectivity matrix are computed, then for each grid point angle dependenf reflection information is available as well and reflection imaging can be followed by the computation of the material parameters (post-imaging inversion): In practical situations, seismic inversion should be based on a hierarchical, stepwise approach.
R+(z) --t P(z),c,(z),cs(z),

2.
Based on a systems formulation of the seismic forward model a three-step inversion scheme has been proposed, consisting of surface-relafed preprocessing, reflectivity imaging and target-related post-inversion.
The large influence of the physical processes, that
occur at the surface, on the subsurface response is not always appreciated. The enormous potential of the first inversion step (removal of the surface effects) has been illustrated on elastic finite difference data (compare fig. 1 with fig. 3 
